Although measurement of cardiac troponin I (cTnl) is, in some situations, more specific for detection of cardiac injury than is measurement of the MB isoenzyme of creatine kinase (MBCK), its sensitivity and specificity relative to MBCK for detection of myocardial infarction has not been established. Accordingly, we studied prospectively 199 consecutive patients admitted to the coronary care unit. Values of MBCK and cTnl mass were determined in all samples. Of the 188 patients admitted with a suspicion of acute myocardial ischemia, 89 were diagnosed as having an acute myocardial infarction on the basis of the patterns of MBCK values. Eighty-sixof these patients also had increased cTnl (concordance, 96.6%); three did not. Of the patients diagnosed as without infarction, five with unstable angina and symptoms in the day(s) prior to admission had increased cTnl, for a cTnl specificity of 94.9%. Receiver operating characteristic curve analysis indicated that cTnl and MBCK had statistically indistinguishable diagnostic accuracies for the detection of acute myocardial infarction. 
and MBCK (6, 7) and suggest that increases of cTnI should be more specific than increases of MBCK for the diagnosis of myocardial injury. A highly specific myocardial marker such as cTnI would improve the accuracy of diagnosis in patients with acute or chronic skeletal muscle injuryand possible concomitant myocardial injury. However, the apparent superior cardiac specificity of cTnI could simply be the result of lower sensitivity 'Cardiovascular Division, 2Division of Biostatistics, and 3Divi-sion of Laboratory Medicine, Washington University, School 
Measurement of Molecular Markers

Measurements
of MBCK and cTnl in Myocardium
Human heart tissue was obtained at autopsy or from explanted hearts at the time of transplantation. Bovine heart was obtained from a local slaughter house, and dog heart was obtained from Keystone Biological, Cleveland, OH. Cytosolic and myofibrifiar fractions were prepared according to previously described methods (13). Small pieces of heart (-0.25 g) were homogenized in 10 volumes of cytosolic buffer: per liter, 1 mmol of potassium phosphate, pH 6.8, 1 mmol of EGTA, 20 mmol of KC1, and various protease inhibitors (0.5 mg of soybean trypsin inhibitor, 1 mmol of phenylmethylsulfonyl fluoride, 20 mg of leupeptin, and 1 mg of pepstatin). After the homogenate was centrifuged at 20 000g for 15 min, the pellet was resuspended in 10 volumes of cytosol buffer and the centrifugation repeated. The supernates of each centrifugation were assayed separately, and the data were combined to calculate the cytosolic fraction.
The final pellet was resuspended in 10 volumes of extraction buffer: per liter, 40 mmol of sodium pyrophosphate, pH 9.0, 1 mmol of EGTA, 1 mmol of MgC12, and protease inhibitors (as above). After 30 mm, the extract was centrifuged at 20 000g for 15 mm. The pellet was reextracted twice. Each supernate was assayed separately, and the data were combined to give the myofibrillar fraction.
Total protein concentrations in the cytosol and myofibrillar fractions were determined by protein assay of Lowry eta!. (14) . MBCK and cTnI concentrations were determined by the immunoassays described above except that, before assaying, we diluted the fractions in pooled normal human serum with undetectable values of MBCK and cTnI. The cytosolic fraction was divided by the total fraction (cytosolic plus myofibrillar) to obtain the percentage of cThI and MBCK in the cytosolic preparation.
Values are expressed as milligrams per gram of tissue (mean ± SD). 
Statistical Analysis
Results
The characteristics of the patients are described in Table 1 . Of the 188 patients admitted for the evaluation and treatment of known or suspected ischemic heart disease, the clinical diagnosis of acute infarction was made in 89. All patients diagnosed with acute infarction had at least one value of MBCK above the upper bound of the reference range ( 6.7 gfL), either during hospi. talization or at an outlying hospital before transfer. 01 the patients diagnosed as having had myocardial infarc. tion, 86 patients (96.6%) also had increases in cTnI; 3 did not (Table 2 ). In each of the three patients without increased cTnl, values for total CK (peak total CK = 308, 98, and 207 UIL, respectively) and MBCK (peak MBCK None of the three patients developed Q waves on their electrocardiograms. Two of these patients had a very slow decline in total and MBCK values; in the third patient, only one sample was obtained before the patient was taken for emergency coronary artery bypass grafting.
Of the 99 patients diagnosed as not having myocardial infarction, none had a value of MBCK above the upper bound of the reference range (all were <6.7 g/L). Five of these patients had increased cTnI, however, yielding a specificity of 94.4% for cTnI in the patients (Table 2 ). In four, the increases of cTnI were present at admission; in the fifth, the value of cTnI was at the upper bound of the reference limit at admission and continued to rise. All had a history of recurrent episodes of angina in the day(s) prior to hospitalization.
Race
None of these patients developed Qwaves in theirsubsequent electrocardiograms.
Forty-three patients presented sufficiently early that values of MBCK and cTnI were either normal (n = 22) or were beginning to increase (n = 21), permitting more complete data acquisition on the time course of changes in MBCK and cTnI. These patients manifested a broad range of MBCK and cTnI values. Mean ± SD peak MBCK was 60 ± 80 g'L (range 6.7-393 p.g/L), and peak cTnJ was 126 ± 309 pg/L (6-1485 gfL). Values also were similar when we considered only samples assayed simultaneously for both MBCK and cTnI (to correct for the more frequent measurements of MBCK): 62 ±86 gfL(2.7-393 tgfL) for MBCK and 128 ± 246 ugfL (1.5-1485
.g/L) for cTnI. Of these 43 patients, 23 had only modest increases in peak MBCK (all <25 tg'L); in 12, the peak MBCK was <12 ig/L. All of these 23 patients had increased cTnI (peak cTnI = 18.4 ± 20.1
,zWL).
The ROC curve for cTnl (Fig. 1) confirmed the high sensitivity and specificity of this assay. The area under the cTnI (0.987) was not significantly different from the area under the MBCK curve ( area = 1) (15, 16) .
Of the 11 patients with above-normal values of MBCK admitted
for management of severe multiple medical problems, 3 were diagnosed as having a concomitant acute myocardial infarction; each had both cTnI and MBCK increased, and ancifiary invasive and noninvasive tests were supportive of the diagnosis. In the remaining 8 patients, MBCK was increased but not cTnl. Five of these patients had well-documented acute or chronic muscle disease, and the clinicians caring for them eventually believed that the increases of MBCK were due to skeletal muscle release. Two patients had a slowly decreasing pattern of MBCK after peak values of 10.0 and 9.0 p.gfL, while a third had a pattern of rising and slowly falling MBCK after a peak value of 6.8 gfL, Numberson the curve indicate selected cutoff values in g/L all in the absence of increases of cTnI. None of these patients had any other evidence of cardiac injury, and none developed Qwaves on their electrocardiograms.
Because of the severity of their illnesses,
all had prolonged hospital courses and were treated as if myocardial injury had occurred. Table 3 lists the amounts of cTnI and MBCK found in the cytosolic and myofibrillar fractions of human heart. Similar percentages of cTnJ were measured in the fractions of bovine and dog myocardium (2.0% and 2.1%, respectively).
Discussion
These data document that cTnI and MBCK have similar sensitivity and specificity for the detection of myocardial injury during the first 48 h of acute myocardial infarction. There was concordance between increases in MBCK and cTnI in 96.6% of patients admitted for evaluation of symptoms of acute myocardial ischemia. Measurements of cTnI and MBCK were similarly sensitive for the diagnosis of small as well as larger myocardial infarctions. These results support previous contentions that the lack of increase of cThI in patients with acute and chronic skeletal muscle disease despite increases of MBCK represents a greater specificity of cTnl for myocardium rather than a less robust sensitivity (3, 12, 17-19). Thus, measurement of cTnI should be useful to clarilSr which increases in MBCK are due to myocardial injury and which ones reflect acute or chronic skeletal muscle abnormalities.
Although concordance
between values for MBCK and cTnI was high, eight patients admitted for evaluation of ischemic heart disease displayed discordant values. In five, cTnI was increased but not MBCK. Each patient had had episodes of angina before the symptoms that led to their hospitalization.
These patients are probably like those described by others (20, 21), who had unstable angina and increased values of cardiac troponin T, another long-lived marker of myocardial injury. The increases of cTnI in these patients may have been due to myocardial injury occurring long enough before hospitalization that concentrations of MBCK had returned to the normal range. it is also possible that increases in MBCK were missed due to infrequent sampling, as previously reported (22); this is not a problem with cThI, which appears to persist in plasma for at least 5-7 days (12, 18, 19) . It is less likely but cannot be excluded that these five patients with normal values of MBCK and increased values of cTnJ released more cTnI per gram of myocardium injured than did other patients. We also cannot exclude, but believe it unlikely given previous data (3), that the increases in cTnI are due to a lack of specificity either of cTnI or of the assay used for this analysis.
MBCK, but not cTnI, was increased in three patients admitted with possible myocardial injury.
In one patient, this was the finding in the one sample available before emergency coronary artery bypass surgery; possibly, parallel increases would have been apparent had additional blood samples been obtained.In the two other patients, the increases of MBCK were minor (maximum 85 ig/L) and decreased slowly over several days. A slowly clearing pattern in patients with higher concentrations of MBCK is suggestive of skeletal muscle release; at lower concentrations, where biological and analytical variance are greater, it is more difficult to judge. Thus, we suspect but cannot confirm that the discordance observed in these two patients resulted from skeletal muscle release of MBCK and reflects the increased specificity of cTnI for myocardium rather than a difference in sensitivity between MBCK and cTnI. Despite minor differences, the area under the cTnI ROC curve was almost the same as the unit area under the MBCK curve. Analysis of the ROC curve must be tempered by the diagnostic bias present in an institution where heavy reliance is placed on MBCK for the diagnosis of acute infarction: that is, for the patients we studied, there was no discordance between a value of MBCK above the upper bound of the reference range and the clinical diagnosis.
In this situation, evaluation of other cutoff values for MBCK has little value. This fact similarly puts measurements of cTnI at a disadvantage from the perspective of sensitivity and specificity because any differences from MBCK are thus presumed to be due to inaccuracy of cTnI. This is particularly problematic when assessing specificity because increases of cTnI can persist in plasma for 5-7 days (12), whereas MBCK increases generally resolvemuch earlier. Despite these problems, the sensitivity of cTnI was 96.6% and the specificity 94.9% at a cutoff value of 3.1 jg/L. Conceivably, future studies may find the upper bound of our reference range for cTnI for detection of Infarction to be too high. This relatively high value may reflect the presence of occult myocardial injury in some of the hospitalized patients used to determine the reference range.
Our data documenting the comparable relative clinical sensitivity of cTnI and MBCK for detectionof acute infarction are useful in the interpretation of the results of studies quantifying the amounts of cTnl and MBCK in myocardium.
There is much more cTnI in myocardium than MBCK, 13. in cardiac muscle (4.35 mg/g), and  Katus et al. (24) , who reported that unbound cardiac troponin T is 6% of the total cardiac troponin T found in human myocardium.
Our results are also similar to those reported previously for MBCK (25) . Given that we cannot exclude the possibility that the release ratios for these proteins also are different, this issue will require further study.
Increased MBCK, but not cTnI, also occurred in eight patients with complex medical problems.
In five, concomitant acute or chronic skeletal muscle disease was clearly present. This is consistent with previous reports, where MBCK values were increased in the absence of confirming evidence of infarction, including increases of cTnI (1, 2, 26 We conclude that these findings support previous data demonstrating the superior specificity of cTnI for cardiac injury, consistent with its developmental molecular biology. cTnI is present only in myocardium throughout ontogeny, and it has a unique amino acid sequence (27) . The assay we used employs two monoclonal antibodies directed against different epitopes on cTnI; no crossreactivity with the skeletal muscle forms of troponin has been observed (12). Furthermore, and in contrast to other troponins (C and T), studies in rats have found that cTnI is not expressed in skeletal muscle after skeletal muscle injury (28). The superior specificity of cTnI shown in other studies coupled with the comparable sensitivity and specificity of cTnI to MBCK in detection of patients with myocardial injury has important clinical implications.
Patients with the potential for concomitant myocardial and skeletal muscle injury are common, and there is often considerable controversy concerning whether increases in MBCK are due to skeletal muscle or cardiac injury, a distinction that the percentage criteria (% of total CK) are unable to make (2,3). Measurement of cTnI should clarify the diagnosis in these situations that occur postoperatively (29), after traumatic injury, in patients with renal failure, in patients with seizures, and in those with skeletal muscle myopathies (3). Definitively excluding or confirming the presence of myocardial injury in these patients should simplify their care. There are licensing agreements between
